The separation or overlapping of adjacent subgrain images in Berg-Barrett X-ray (reflection) micrographs is described for a reasonably general misorientation between the crystal subgrains. The five crystallographic parameters which describe the diffraction experiment also specify, effectively, the direction of the rotation axis for the misorientation, the amount of the angular misorientation, and the relative orientation of the subgrain boundary interface.
The term 'misorientation contrast' has been proposed for the observation whereby adjacent subgrain reflections in Berg-Barrett X-ray micrographs produce white or black tracks according to whether the images are separated from each other or have overlapping borders (Wu & Armstrong, 1975a) . Similar boundary tracks are obtained with Schulz's (1954) method of achieving X-ray pictures of the single-crystal substructure. Hart (1975) has produced elegant topographs of such boundaries in lithium fluoride crystals by subjecting them to synchrotron radiation for an exposure period as short as 1.0 s. Wu & Armstrong, while describing the nature of the misorientation contrast of subgrain boundaries in specially solidified zinc crystals, showed also that the directions of particular [0001] rotation axes could be detected for a number of subgrain misorientations. In a further study of the boundaries with these rotation axes, the true angular misorientations of the subgrains could be determined (Wu & Armstrong, 1975b) . The purpose of the present communication is to give a quantitative description of the misorientation contrast exhibited by a subgrain boundary of reasonably general character. Fig. 1 shows, on a stereographic projection basis (Armstrong & Wu, 1973) , X-ray and crystallographic information for a magnesia crystal which contains a hypothetical lineage subgrain boundary running along [001] and having a 5 ° misorientation rotated about a common [101] axis. The boundary separates subgrains in the crystal surface, say 1 and 2, at an angle of 15 ° to the vertical direction as indicated at the top of the stereographic projection. One position for an X-ray source is identified as the crossed square near the western edge of the equatorial plane. With Cr Ke radiation, nearly horizontal planes of incidence are obtained for the [202] ~ and [202-]2 diffracting plane normals within the reflecting circle, and for the diffracted beams, 1' and 2', near the west center of the projection. The track of the boundary in the X-ray * Currently on leave at the US National Science Foundation, Division of Science Education Resources Improvement, Washington, DC 20550. image is found by shifting the diametral trace of the boundary in the crystal surface so as to produce individual traces through points 1' and 2'. The overlapping of the X-ray images gives the black segment of the boundary which is shown to include these points. The boundary has a finite width, measured perpendicular to the boundary direction, principally because there is a 15 ° tilt of the planar boundary interface relative to the vertical direction (Wu & Armstrong, 1975a, b) . The lineage orientation of the boundary causes the actual boundary through the crystal thickness to be projected onto the plane of Fig. 1 as a line and removes, therefore, any consideration of a contribution to the X-ray width of the boundary possibly arising from it being inclined to the crystal surface.
Were the subgrain boundary vertical in Fig. 1 , and the X-ray experiment aligned as sharply as is indicated, then the image width due to misorientation contrast would be essentially zero. The same result of having an 0:©
..... invisible boundary is obtained for all boundary orientations if the [101] rotation axis for the misorientation is used to obtain the X-ray image as shown on the eastern side of the equatorial plane. These considerations are interesting to compare with the more conventional X-ray extinction contrast which is produced by the strain fields of the dislocations composing the boundary (Newkirk, 1958) . The angular misorientation for subgrains 1 and 2 in Fig. 1 The main concern of this communication, however, is to describe the misorientation contrast when the crystal and diffraction geometry are not quite so symmetric as discussed until now; for example, when the geometry is as unsymmetric as is indicated for either one of the two boundary appearances which are shown along the vertical axis through the center of the stereographic projection in Fig. 1 . The more complicated situation of specifying the misorientation contrast for the pair of 0~2 Berg-Barrett reflections on the southern side of the vertical axis in Fig. 1 is set out in Fig. 2 . The crystal has been rotated 90 ~ clockwise in Fig. 2 relative to Fig. 1 . The geometric divergence of the X-ray source, S, is necessarily made larger so as to allow the reciprocal diffracting-plane normals of both subgrains, g~ and g2, which now are shifted vertically and horizontally, to 
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where 4' is the complement of the angle measured directly in the plane of the projection between the trace of the plane of incidence and a line drawn through the g;. Correspondingly, the horizontal component of AO~i is given by AOgiu = AOg i sin 4'.
(
Now the foregoing component AO~i± is related to the vertical angular separation of the diffracted beams, 1' and 2', by 08 in the equation
as described previously by equation (3) 
The inclination of dO~ is specified in Fig. 2 in terms of the angle 4" which is related to 08 and 4' by cot 4"= 2 sin 08 cot 4'.
This angle 4" combines with an angle Q, the complement of the angle between the boundary direction, B, and the vertical axis in Fig. 2, to give the apparent angular width, AO,, of the boundary, measured perpendicular to its direction in the X-ray image, as
AOa= AOgi cos (Q-4").
By combination of equations (1)-(5), and (7) 
where d is the distance from the elemental crystal volume diffracting X-rays along the beam direction to the image point, in this case, in a plane parallel to the approximate (001) crystal surface.
Equations (8) and (9) are easily related to the previous analysis given by Wu & Armstrong (1975b) for the boundary width when the rotation axis for the subgrain misorientation is at the center of the stereographic projection, i.e.
(w/d) ~-A 00[2 sin Z sin 0B] cos ~2,
for which Z was specified as the angle between gi and the crystal surface normal. The angle Z in the previous study is equal to/~ in this study and the new angles in the present analysis, 0 and 0', are both zero for the favorable geometry which was considered previously. Of greater significance, probably, is the observation that the present equations (6) and (8) show the value of AOa to be dependent on a total of five crystallographic parameters, i.e.
AOa= AO, , (OB, 0, , 8, A 0o, O) .
Of these parameters, the first three, 0B, 0, and fl serve to define the direction of RA, say, with respect to the position of the X-ray source; AOo specifies the angular misorientation, of course; and ~2 specifies the relative orientation of the boundary interface. Stated in this way, the five parameters are those required to fix the five degrees of freedom which Read (1953) has described for an arbitrary dislocation boundary within a crystal. For a perfectly general, non-lineage, boundary interface, however, another angle additional to ~2 should be necessary to fix the three-dimensional position of the boundary interface. So far as the experimental measurements for a particular subgrain boundary are concerned in the X-ray case, the values of 0B, ~, and A Oa are measured fairly easily for a straight boundary segment within an individual micrograph. Additional consideration has to be given to the effect of the divergence in the X-ray beam, and also, to the effect of X-ray extinction contrast on interfering with the measurement of AO,, even though these two effects may be minimized by appropriate experimental methods. For a single straight boundary segment, the angle 0 may be determined by narrowing the X-ray source until both subgrains are just able to diffract X-rays or, alternatively, the angle 0' may be determined from the relative positions of the end points of the boundary at a junction with other subgrains or at the crystal edge. A minimum of two independent Berg-Barrett results are therefore required to calculate by way of equation (8) the values of A Oo and/~.
The preceding considerations were applied recently to specifying the nature of subgrain boundaries grown into various types of single crystals (Armstrong, Farabaugh & Wu, 1976) . The general analysis was demonstrated to be useful for determining the rotation axis of a particular subgrain volume which was observed to be totally included within the surrounding matrix of a vapor-grown alumina crystal. For this case, several relatively straight segments of the encompassing subgrain boundary were plotted according to the method of Fig. 1 so as to determine through their intersections the relative positions of the 1', 2' diffraction spots. From this information, the 1, 2 positions of the diffracting-plane normals could be determined. This procedure was followed for a number of lattice reflections. The rotation axis common to the variously displaced reflections was found by tracing great circles normal to the different pairs of 1, 2 positions when each pair of positions was placed on a common latitude. The rotation axis so determined for the subgrain misorientation was usefully related to the growth process of the crystal.
